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INTRODUCTION 
Nearly 25 years have passed since Farmer and his coworkers formu­
lated a theory of fat autoxidation which led to an active period of re­
search in the field of lipid deterioration. Many earlier studies have 
been obscured by the use of mixtures of oxidized fatty acids and crude 
concentrates of oxidized products. Farmer and coworkers (15, 16, 17), 
Privett et al. (44, 46, 47), Khan et al. (30, 31) and Begemann et al. (1> 
were able to isolate and study hydroperoxides from pure methyl esters. 
Most of their work was done on highly oxidized fatty esters. 
Since edible fats at a relatively low level of peroxide content give 
rise to off flavor, a study was undertaken to isolate peroxides in a 
quantitative manner from pure methyl esters having a low peroxide value. 
In addition, an attempt was made to identify the types of hydroperoxides 
one could get from methyl oleate, linoleate and linolenate. 
This work was extended to olive and soybean oils, to obtain an in­
sight as to the types and kinds of peroxides that are formed during autoxi­
dation. 
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REVIEW OF LITERATURE 
There has been a considerable #aiount of literature written of the 
autoxidation of fatty substancesyàuring the past 25 years. Holman (26), 
Morris (42), Skellen (56) and Swern et al. (64) have published review 
articles dealing with the autoxidation of fatty materials. The advances 
that were made are the direct result of the use of modern instrumentation 
to study the initial stages bf autoxidation and modern isolation techniques, 
such as urea complexes, countercurrent distribution and chromatography. 
For about half a century, it was assumed that the autoxidation of 
unsaturated substances proceeded by direct addition of oxygen to the 
double bond to yield a cyclic peroxide. Much of the information regard­
ing the mechanism of autoxidation of compounds from fats has been ob­
tained by studying the oxidation of simple, monounsaturated, non fatty 
compounds. In 1928, Stephen (59) reported the isolation of a peroxide of 
cyclohexene. He assumed, on the basis of the theories of autoxidation 
accepted at that time, that the products were saturated. Farmer and 
Sundralingam (15) established that Stephens' product was a hydroperoxide 
and that a double bond was present. The isolation and identification of 
an a-methylenic hydroperoxide from these and many other olefins cast con­
siderable doubt on the validity of the older concepts of olefinic oxida­
tion. 
Rieche (50) in 1937, postulated that unsaturated fats and oils prob­
ably behaved in a similar fashion. He suggested that the autoxidation of 
mono- and polyunsaturated substances may occur through the formation of 
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oxygen activated methylene groups according to the following scheme: 
-CH=CH.CH2CH=CH- + O2 V -CH=ai-CH-CH=CH-
6oh 
The major credit goes to Farmer and coworkers (11, 12, 13, 14, 16) for 
the development of the hydroperoxide theory of autoxidation, especially 
in its application to fatty acids. According to Farmer, the autoxidation 
of all nonconjugated olefinic compounds proceeds by a chain reaction in­
volving addition of a molecule of oxygen to the carbon adjacent to the 
double bond. This reaction, however, is not the initial step, but is the 
main chain propagation. 
The overall reaction of autoxidation of unsaturated fatty acids could 
be summarized in the following ways: 
RH —> R* + H* 
R* + Og—» ROO* 
ROO* + RH —» ROOH + R* 
where * indicates a free radical. 
Autoxidation of monounsaturated fatty acids; Farmer and Sutton (16) 
used molecular distillation and chromatography to isolate pure methyl 
oleate hydroperoxide- The isolated hydroperoxides were shown to contain 
the theoretical content of peroxide oxygen. Autoxidation of methyl 
elaidate under ultraviolet light also yielded hydroperoxide (61). 
Swift et al. (65) used low temperature crystallization in the presence 
of a solvent to obtain a concentrate of 90% hydroperoxide from methyl 
oleate. Fugger et al. (19) obtained 80-90% hydroperoxide from methyl 
oleate by countercurrent distribution. Coleman et al. (8) employed a 
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urea complex technique to obtain 90% hydroperoxide on a large scale. 
Privett et al. (46) fractionated autoxidized methyl oleate between aqueous 
ethanol and hydrocarbon solvents and obtained 80-90% peroxide concentrate. 
Fugger et al. (19) showed that monohydroperoxides are the first 
stable products in autoxidation with gaseous oxygen and that the double 
bond is not attacked until a subsequent oxidation. Their observation was 
based on manometric measurement of oxygen absorption by methyl oleate. 
Farmer showed that the methyl oleate on autoxidation yielded a mix­
ture of mono- and dihydroperoxide, the mono-hydroperoxide predominating. 
In addition, he pointed out that the hydroperoxide group was attached to 
the 8th or 11th carbon atom. Sutton (61) and others (52) have shown that 
the peroxide groups may be at the 8th, 9th, 10th or 11th carbon atoms. 
Farmer and Sutton (17) and others (32, 52) believed that the double 
bond was at the 9,10-position. Swern and Coleman (62) pointed out that 
the double bond is not in the original 9,10 position in these hydro­
peroxides as was originally thought by previous workers. 
Knight et al. (32) and others (29), based on available data, thought 
that the autoxidized methyl oleate consisted largely of methyl 9-hydro-
peroxido-trans-10-octadecenoate and methyl 10-hydroperoxido-1rans-8-
octadecenoate. Prior to Knight's work, Ross et al. (52) proposed that 
in addition to the preceding isomers, other isomers also are formed to a 
certain extent. In 1959, Privett and Nickell (47) showed that the four 
hydroperoxides predicted by theory were formed in equal amounts. In ad­
dition, they also determined the structure of these hydroperoxides. 
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Swern et al. (63) showed that most, if not all, of the hydroperoxides 
obtained from methyl oleate had a trans configuration- Cannon et al. (6) 
and Khan et al. (31) independently confirmed Swerns' observation. Knight 
et al. (32) proposed a mechanism for the formation of trans hydroperoxide 
from methyl oleate based on the free radical mechanism. In addition, 
they demonstrated, by infrared spectraphotometry, that in the early stages 
of autoxidation of methyl oleate, the formation of peroxide was accom­
panied by the appearance of a trans double bond. 
As pointed out by Farmer, monohydroperoxide was not the only peroxide 
formed during the autoxidation of methyl oleate. Swern et al. (63) ex­
amined several peroxide concentrates from methyl olegte using a polaro-
graphic method and came to the following conclusion: Even though mono-
hydroperoxides predominate, as much as 28% of the peroxides may be non-
hydroperoxides. 
Saunders et al. (53) obtained direct experimental evidence that 
hydroperoxides are not the only peroxides formed even in tne early stages 
of autoxidation of methyl oleate. They followed the absorption of oxygen 
quantitatively over a wide range of oxygen uptake and then analyzed the 
methyl oleate hydroperoxides polarographically and iodometrically. They 
showed that, of the total peroxides formed, only 90-95% could be accounted 
for as hydroperoxides. Swern et al. (63) proposed that these peroxides 
could be cyclic peroxides, since on reduction they yielded a glycol. 
Khan et al. (31) have reported the presence of a-ketols in autoxidized 
samples. The a-ketols also are readily reduced to glycols. 
6 
Considering this evidence, the nature of these nonhydroperoxides do 
not appear to be known. 
Autoxidation of polyunsaturated fatty acids: Farmer and Sutton (16) 
observed that conjugation of double bonds occurred in autoxidized fish 
oil. In addition, it was shown by ultraviolet spectra that oils contain­
ing polyunsaturated fatty acids had a diene conjugation. In 1945, Holman 
et al. (27) proved that ultraviolet absorption was not due to the peroxide 
structure by thermal decomposition of the peroxides. Holland and Koch 
(5) estimated that 70% of the monohydroperoxide formed during the autoxi­
dation of ethyl linoleate was conjugated diene isomers. Based on the 
conjugated diene isomers, they proposed a mechanism for the autoxidation 
of linoleate. According to their theory, three types of hydroperoxides 
are formed, two thirds of which are conjugated diene peroxides. Bergstrom 
(2) isolated the hydrogenated products from autoxidized linoleate and 
showed that they contained 9- and 13-hydroxystearates. Khan et al. (30) 
autoxidized methyl linoleate under various conditions. They showed that 
the hydroperoxides are composed of conjugated dienes, but in the case 
where autoxidation was conducted in the presence of chlorophyll and ir­
radiation, a nonconjugated hydroperoxide was present. 
Cannon et al. (6) and Privett et al. (44) studied linoleate hydro­
peroxide of high purity using an infrared spectrophotometer. They found 
that the products are at least 90% conjugated and are largely cis-trans 
isomers. This was true when methyl linoleate was oxidized at 0 C. On 
the other hand, the methyl linoleate that was oxidized at 24 C had an 
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appreciable amount of trans-trans hydroperoxide. They concluded that 
conjugated cis-trans isomers were initially formed and that the thermo-
dynamically stable conjugated trans-trans isomers arose as a result of 
some catalytic reaction probably initiated by peroxides. In the light 
of these studies, Holman (26), in 1954, proposed a simplified mechanism 
for the autoxidation of linoleate. 
Farmer et al. (14) proposed a mechanism for the autoxidation of 
ethyl linolenate. Privett et al. (48) showed that methyl linolenate on 
autoxidation yielded a hydroperoxide containing 60% monomeric cis-trans 
conjugated diene monohydroperoxide. Privett et al. (48) and Frankel et al. 
(18) showed that the hydroperoxides are conjugated dienes consisting pre­
dominantly cis-trans with some trans-trans configuration. Begemann et al. 
(1) isolated methyl linolenate monohydroperoxide and more polar peroxides 
from autoxidized methyl linolenate. They identified four isomeric polar 
compounds containing two peroxide groups, viz., a hydroperoxide group 
and a six membered cyclic peroxide group. In addition, they proposed a 
mechanism for the formation of these polar peroxides. 
The rate and extent of autoxidation are often monitored by measur­
ing peroxide values, so many methods have been proposed for measuring 
them. Many of these methods are based on the fact that sodium, potassium, 
or hydrogen iodide produce iodine in the presence of peroxidized products. 
Many forms of the iodometric methods used in the early works were 
only qualitative, but in some cases attempts were made to estimate the 
iodine liberated either calorimetrically or by titration with thiosulfate. 
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The liberation of iodine was slow and incomplete. Lea (35) developed a 
method which involves heating 1 gm of fat or oil with glacial acetic 
acid and chloroform in the presence of potassium iodide solution and 
titrating the iodine liberated with 0.002 N thiosulfate. Wheeler's 
technique (66), which has been widely used in the United States, differs 
from that of Lea in that it uses a saturated solution of potassium iodide 
and is performed at room tenperature in the prese ce of air. 
Lea observed that the most probable cause of error in the iodometric 
procedure was the incomplete reaction of the most stable peroxides with 
the reagent. According to Holman (26), the iodometric peroxide value 
measures the primary product of oxidation, and because peroxides are subjec­
ted to rapid destruction, the peroxide value does not completely describe 
the oxidative history of an oil or fat. 
Chapman and McFarlane (7) developed a method for use in determining 
fat peroxides in milk powder. It was based on the oxidation of ferrous 
to ferric iron by the peroxides and detection of the ferric ion as the 
thiocyanate. Hill and Thiel (25) modified the Chapman and McFarlane 
method. This modified procedure is probably the most widely used form 
of the iron method. Instead of using 96% acetone, they used a solvent 
mixture of benzene and methanol (7 0/30). Another major change was the 
addition of aqueous ferrous salt and the thiocyanate during the test 
rather than using a single unstable reagent. 
According to Lundberg (37), the thiocyanate method tends to give 
unreliable results from a chemical standpoint but when proper precautions 
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are employed, the method may be used in conjunction with organoleptic 
results. 
Stamm (58) found old fats gave a red color when heated with di-
phenylcarbazide and used this method to detect rancidity in fats and oils. 
Korpâczy (33) and others (20, 51) modified the Stamm method. They came 
to the conclusion that the method had very limited applicability to oils 
and fats other than those of animal origin. Hamm et al. (23) developed 
a quantitative method for determining peroxide values by modifying the 
Stamm test. They felt that the test detected peroxides since the reagent 
reacted with known peroxides to produce colors identical in spectra to 
diphenylcarbazone and under anaerobic conditions each mole of peroxide 
produced an absorbance equivalent to one mole of diphenylcarbazone. The 
sensitivity of the test was quite high, being 3 x 10"^ milliequivalents. 
Polarography has been used in the analysis of fat oxidation products. 
Lewis et al. (36), using the polarograph method, studied the water insoluble 
peroxides formed in fats. They observed a linear relationship between 
wave height and the peroxide value in the early stages of the autoxida-
tion of fats. A more detailed examination of the polarographic behavior 
of products of autoxidation was carried out by Willits et al. (67) and 
later by Kula and Quackenbush (34). They were able to measure hydroperoxide 
and peroxides with the help of polarography. In addition, they were able 
to quantitatively determine the hydroperoxides in the presence of other 
types of peroxides. 
Most of the edible fats and oils contain unsaturated fatty acids in 
different ratios along with other saturated fatty acids. These unsaturated 
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fatty acids autoxidize at a different rate under a similar set of condi­
tions. In addition to the difference in the rate of autoxidation, each 
unsaturated fatty acid can give rise to a different hydroperoxide. With 
this in mind, a study was undertaken to measure the type of hydroperoxides 
one could get from oleate, linoleate, linloenate, olive oil and soybean 
oil at low peroxide values. 
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EXPERIMENTAL INVESTIGATION 
Materials and Methods 
Methyl oleate: Methyl oleate was prepared in the following manner. 
Mixed methyl esters were obtained from olive oil by refluxing 400 g of 
olive oil with 130 ml of methanol for 6 hr in the presence of sulfuric 
acid as a catalyst. Mixed methyl esters from olive oil were subjected 
to urea fractionation. The fractionation scheme is as follows. 
Mixed methyl esters from olive oil 
I 3400 ml methanol 
I 1360 g urea 
(1)  
urea adduct 
Redissolve in 1.5 1 
methano1 
'  ( 2 )  
filtrate 
(Remove excess methanol 
under reduced pressure 
until the solution 
becomes cloudy) 
Urea adduct 
Repeat (1) 
I Repeat (2) 
filtrate I 
I Lj 
Urea adduct filtrate 
(discard) 
Urea adduct 
repeat (1) Urea adduct 
I repeat (2) 
filtrate 
(discard) 
urea adduct filtrate 
(discard) I 
urea adduct filtrate 
(discard) 
Urea adduct 
(discard) 
filtrate 
(esters recovered) 
Methanol was 
hydrochloric 
Skelly Solve 
evaporated from the filtrate and was then treated with 2 N 
acid to dissolve the adduct. The esters were taken up in 
Band washed free of acid. The methyl esters obtained in 
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this fraction was analyzed by gas chromatography (9) and were found to 
contain 4.9% palmitate and 95.1% oleate. The methyl esters were dis­
tilled at 5 mm pressure through a 42 cm Widmer column until methyl pal­
mitate distilled and then at 1 mm to recover methyl oleate. The methyl 
oleate was found to be free of methyl palmitate by gas chromatography (9). 
Methyl linoleate; Methyl linoleate was prepared from safflower oil 
by a procedure based on that used by the Hormel Institute, Austin, Minn. 
First, 600 g of safflower oil fatty acids were dissolved in 2410 ml of 
methanol containing 953 g of urea. Then the solution was allowed to cool 
to room temperature and the urea adducts were removed by filtration. The 
filtrate was evaporated under reduced pressure until it solifified and 
this residue was dissolved in 2 N hydrochloric acid. The recovered fatty 
acids were esterified with methanol using sulfuric acid as a catalyst. 
The product was washed free of acid with 5% sodium carbonate and finally 
with distilled water. The methyl linoleate was analyzed by gas chroma­
tography (9) and was found to be 97% pure. Once more urea fractionation 
was performed, this time the ratio of urea: methanol: methyl esters were 
1: 5: 1 respectively. The methyl esters recovered from the filtrate were 
found to be pure methyl linoleate by gas chromatography (9). 
Methyl linolenate; Methyl linolenate was prepared from linseed oil 
by urea fractionation (43). This yielded a product containing 74% 
linolenic, 20.8% linoleic and 5.2% oleic acids as determined by gas 
chromatography (66). Methyl linolenate of high purity was obtained by the 
column chromatographic method of Hammond (24) except that a column 5.5 cm 
in diameter and 115 cm in length, filled to a height of 90 cm with a mix­
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ture of 80% silica gel 100 mesh (Mallinckrodt Chemical Company) and 20% 
celite 545 (Fisher Scientific Company), was used. 
Acetylated methyl ricinoleate; Methyl ricinoleate was prepared as 
follows; Mixed methyl esters were obtained from castor oil by refluxing 
castor oil with methanol in the presence of sodium methoxide as catalyst. 
Mixed methyl esters from castor oil were acetylated according to the of­
ficial method of the American Oil Chemists' Society (39). They were then 
thoroughly washed with hot water and dried over anhydrous sodium sulfate. 
The methyl esters were subjected to urea fractionation in the following 
way: 10 g portions of methyl esters were dissolved in 170 ml of methanol 
containing 26 g of urea. The mixture was cooled to room temperature with 
intermittent stirring during the first hoi'T and kept at this temperature 
for 3 hr to let the urea complex crystallize. The urea complex was 
filtered and washed twice with 10 ml portions of methanol saturated with 
urea. Fraction 2 was obtained by adding 8 g of urea to the filtrate from 
fraction 1. The volume of the mixture was maintained at 170 ml. The 
mixture was heated, stirred, cooled and filtered in the preceding manner. 
Inclusion compounds from fraction 1 and 2 were discarded. Fractions 3, 
4 and 5 were obtained in a similar manner. The acetylated methyl ricino­
leate was recovered by treating the urea complex fractions 3, 4 and 5 
with 70 ml 1% hydrochloric acid solution, transferring the esters into 
a separatory funnel with 20 ml methanol and extracting with 70 ml of 
Skelly Solve B. The methyl esters were extracted a second time with a 
70 ml portion of diethylether and finally with a 70 ml portion of Skelly 
Solve B; they were then washed free of acid with distilled water and dried 
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with sodium sulfate. The solvent was evaporated under reduced pressure 
usiiig a rotary evaporator. The methyl esters obtained from fractions 3, 
4 and 5 were spotted on Silica Gel G plates and developed with Skelly 
Solve B and diethylether (80:2 0). The plates were then sprayed with 50% 
sulfuric acid saturated with potassium dichromate and were charred at 
12 0 C for 1 hr. Acetylated methyl rlcinoleate was found to be pure in 
all the three fractions. 
Olive oil: Olive oil was obtained from General Biochemicals. 
Soybean oil: Soybean oil was obtained from Anderson, Clayton and 
Company, 
Methyl oleate and olive oil were autoxidized in 50 g lots at 40C; 
50 g of methyl linoleate, linolenate and soybean oil were autoxidized at 
room temperature. 
Samples were withdrawn periodically to determine the peroxide value 
(PV) by the Hamm et al. method (23). When the test showed peroxide values 
spaced approximately between 5 and 20, four samples were withdrawn from 
methyl oleate, linoleate and linolenate. The peroxides were reduced to 
alcohols by the iodometric method recommended in the official method of 
the American Oil Chemists' Society (40), and at the same time the peroxide 
value was confirmed. The methyl esters from iodometric determination 
were extracted 3 times with a 100-ml portion of chloroform and washed 
thoroughly with distilled water and dried over anhydrous sodium sulfate. 
The solvent was removed under reduced pressure. The hydroxy methyl esters 
that had been formed from hydroperoxides were then acetylated with acetic 
15 
anhydride (41). At the end of 1 hr, the reaction mixture was washed with 
warm water. The aqueous phase was extracted 3 times with 100 ml of Skelly 
Solve B. The methyl esters and Skelly Solve B extracts were pooled, 
washed thoroughly with distilled water, and dried over anhydrous sodium 
sulfate. The solvent was evaporated under reduced pressure using a rotary 
evaporator. 
Urea fractionation procedure: 10 g of acetylated methyl esters from 
oleic, linoleic and linolenic acids were dissolved in 170 ml of methanol 
containing 42 g of urea. The solution was brought to room temperature 
with intermittent stirring during the first 2 hr to let the complex 
crystallize. Then the solution was kept in a 21 C incubator for 3 hr 
so that complete crystallization could take place at a constant tempera­
ture. At the end of this period, the urea complex was removed by fil­
tration and was rinsed twice with a 10 ml portion of methanol saturated 
with urea. The volume of the filtrate was maintained at 170 ml by remov­
ing excess methanol under reduced pressure. To the filtrate, 8 g of urea 
was added and brought into solution by warming on a water bath. The solu­
tion was brought to room temperature in the preceding manner and was then 
transferred to a 21 C incubator for the urea complex to crystallize. At 
the end of 3-4 hr at 21 C, the solution was filtered in the preceding 
manner. The urea complexes from the first two fractions contained the 
unacetylated fatty esters as determined by thin-layer chromatography (TLC). 
Methanol was removed under reduced pressure from the filtrate ob­
tained from the second fractionation. To the residue, 60 ml of 1% 
hydrochloric acid was added to dissolve the complex formed during the 
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removal of methanol. The methyl esters were then transferred into a 
separatory funnel with 20 ml of methanol and extracted with 70 ml of 
Skelly Solve B. The methyl esters were extracted a second time from 
aqueous phase with 7 0 ml of ether and finally with a 70 ml portion of 
Skelly Solve B. They were then washed free of acid with 3 x 10 ml por­
tions of distilled water and dried over sodium sulfate. The methyl 
esters in this fraction amounted to about 50 mg. The methyl esters were 
then transferred to a 10 mi volumetric flask and diluted to 10 ml with 
chloroform. 
In the case of olive oil and soybean oil, only one sample was with­
drawn when it had a peroxide value of 21.55 and 14-27, respectively. 
Peroxides of olive oil and soybean oil were reduced similarly to the pure 
methyl esters. Since unsaponifiable matter might interfere at the analyti­
cal level, it was removed from the oils after reduction with iodide by a 
method recommended by the American Oil Chemists' Society (38). After the 
unsaponifiable materials were removed, the free fatty acids were converted 
to methyl esters by refluxing with methanol containing 2% sulfuric acid 
as a catalyst. The methyl esters were acetylated and fractionated as 
described previously for pure methyl esters. 
Densitometry: A Photovolt Densitometer (Model 52G Photometer, 
Photovolt Corporation, New York) with a specially designed stage for holding 
20 X 20 cm chromatoplates was used for densitometry. Details of the 
construction stages are essentially similar to that of the Blank et al. (4) 
modification. The densitometer readings were plotted using a Honeywell 
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recorder. 
Thin-layer chromatography: Precoated Adsorbosil-5-plates (Applied 
Science Laboratories, Inc.), and locally prepared plates of Silica Gel G 
and Silica Gel G impregnated with 10% silver nitrate were used. 
The densitometric analyses were made on 20 x 20 cm plates (Adsorbosil-
5) and Silica Gel G impregnated with 10% silver nitrate. Isolation of 
acetylated compounds for ozonolysis work were performed on 20 x 2 0 cm Silica 
Gel G plates with and without 10% silver nitrate. The plates, except 
when precoated with Adsorbosil-5, were air dried for % hr and activated 
by heating for 1 hr at 110 C. 
Samples were applied as dilute solutions in chloroform along with 
the standards with a Hamilton microsyringe or, for preparative separations, 
with a streak applicator (Applied Science Laboratories, Inc.). The de­
velopment was done in closed tanks lined with solvent soaked filter paper. 
After development, spots or bands were located by spraying with 2',7' di-
chlorofluorescein or by charring with 50% sulfuric acid saturated with 
potassium dichromate. In the case of densitometry work, plates were 
charred for 1 hr at 120 C. Since a linear relationship was obtained be­
tween peak area and sample size when the sample size was below 30.0 x 10"^ 
mg, amounts of samples applied for quantitative work were controlled to 
fall below this value. Acetylated methyl ricinoleate was used as the 
standard to convert the densitometric results to weights. The standard 
was applied at 4 different concentrations on each plate along with the 
sample of different concentrations to facilitate quantitation. 
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Adsorbosil-5 and Silica Gel G plates were developed in a solvent 
mixture of Skelly Solve B and diethylether (85:15). Silica Gel G plates 
impregnated with silver nitrate were developed in Skelly Solve B and di­
ethylether (80:20). 
Microozonolysis: Pure acetylated fractions were ozonized by the 
method of Beroza and Bierl (3). 
Gas chromatography: Solutions of ozonolysis products were analyzed 
on a Beckman GC-5 gas chromatograph equipped with a flame ionization de­
tector. Determinations were made on a 6 ft, 1/8 in o.d. stainless steel 
column containing 5% carbowax 20M on 100-120 mesh Chromosorb P (Applied 
Science Laboratories, Inc.). The column temperature was held at 50 C 
for 3.2 min and then temperature programmed at 12.5 C/min to 250 C. The 
flow rates of helium, hydrogen and air were 50, 40 and 300 cc/min re­
spectively. 
results and discussion 
To study the concentration of hydroperoxides from other fatty esters, 
methyl ricinoleate was used as a model compound. Preliminary trials 
showed that urea fractionation would not separate methyl ricinoleate 
from corn oil methyl esters. The separation succeeded, however, if the 
methyl ricinoleate was acetylated. From 50 to 100 mg of acetylated methyl 
ricinoleate was mixed with about 10 g of corn oil methyl esters. They 
were subjected to the urea fractionation method described by Iverson and 
Weik (28). The first 6 fractions were found to be pure methyl esters of 
corn oil by thin-layer chromatography (TLC). The last fraction contained 
the original amount of acetylated methyl ricinoleate and a small amount 
of corn oil methyl esters by TLC on Silica Gel G. The number of steps 
in urea fractionation could be condensed to three as described previously 
in the methods section, and quantitative yield of the acetylated methyl 
ricinoleate containing only about 2 0% non-acetoxy methyl esters resulted 
at all times. 
To isolate the hydroperoxides they had to be reduced to hydroxy fatty 
esters and acetylated. Various reducing agents are described in the 
literature. Methyl oleate peroxides were reduced to hydroxy compounds 
by stannous chloride (10, 45) and sodium borohydride (22). The hydroxy 
methyl oleate was then acetylated with acetic anhydride (41) and then the 
urea fractionation described earlier was carried out. The acetylated 
material corresponding to the reduced hydroperoxide was consistently 60 
to 80% of the theoretical amount by densitometry. On the other hand, it 
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was found that reduction with potassium iodide was complete and gave 
97-98% of the theoretical yield. 
Methyl oleate: Samples were withdrawn from autoxidized methyl 
oleate when it had a peroxide value of 4.84, 9.72, 15.64 and 21.81. 
Quantitative thin-layer chromatographic (TLC) analyses on Adsorbosil-5 
plates are given in Table 1. It may be seen from Table 1 that methyl 
oleate peroxides yielded two types of products, one corresponding to 12-
acetoxy methyl ricinoleate in Rg and presumably the acetylated reduction 
product of methyl oleate hydroperoxide (Rg 0.45) and the other is an un­
known product (Rg 0.13). 
Table 1. TLC analysis of methyl oleate peroxides 
Methyl Theoretical Acety­ Other 
P. V. oleate yield of lated Yield material® Yield 
(g) acetylated reduced (%) (mg) % 
product hydro­
(mg) peroxide® 
4.84 9.9666 9.30 9.13 98.2 0.29 3.1 
9.10 97.8 0.28 3.0 
9.72 10.2069 19.13 18.69 97.7 0.62 3.2 
18.68 97.6 0.64 3.3 
15.64 10.4946 31.64 30.96 97.8 0.97 3.0 
30.93 97.7 0.99 3.1 
21.81 10.0019 42.13 41.28 97.9 1.34 3.2 
41.26 97.9 1.39 3.3 
^Based on acetylated methyl ricinoleate as a standard. 
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As pointed out by Swern et al. (63), Saunders et al. (53) and Khan 
et al. (31), the product which had an Rf value of 0.13 could be due to 
nonhydroperoxides. This material accounted for about 3.0 to 3.3% of 
the theory and is based on acetylated methyl ricinoleate as a standard. 
Saunders et al, (53), during their polarographic study of methyl oleate, 
showed that even during the early stages of autoxidation, nonhydroperoxides 
are formed. 
Ttte yield of methyl oleate hydroperoxides as reduced and acetyl 
derivative at four different stages of autoxidation were 96.6 to 98.2% 
of the theory. 
The acetylated fraction of methyl oleate hydroperoxides that was 
obtained from preparative thin-layer chromatography (TLC) gave only one 
spot on Silica Gel G impregnated with silver nitrate for the first 3 
stages of autoxidation- Methyl oleate, which had a peroxide value of 
21.81, however, gave two spots. The spots corresponding to cis and trans 
had an Rg value 0.22 and 0.59, respectively. It was reported by Swern et 
al. (63), Cannon et al. (6) and Khan et al. (31) that most, if not all, 
of the hydroperoxides obtained from methyl oleate had a trans configura­
tion. Based on these works and the values it was assumed that methyl 
oleate hydroperoxides that were formed during the first three stages of 
autoxidation were all trans in configuration. On the other hand, the last 
fraction that was drawn in this study yielded 4.8% cis monohydroperoxide 
and 95.2% trans hydroperoxide. 
The acetylated fraction of reduced methyl oleate hydroperoxide 
(PV 21.81) that was obtained from preparative thin-layer chromatography 
22 
was ozonized. Gas chromatographic analyses of ozonoiysis fragments of 
the acetyl derivative of reduced methyl oleate hydroperoxide are given 
in Figure 1. Peate number 2 and 3 were identified as octanal ana nonanal. 
A peak with the same retention time as peak 9 also was found in the 
ozonoiysis fragments from the acetyl derivative of reduced linoleate and 
linolenate hydroperoxides. It was believed to be (CH2)yÇHCHO. The 
0' 6AC 
peak 8 was assumed to be CH^OC(CH2)^ÇHCHO. 
0 ÔAC 
Tentatively, peak numbers 6, 7, 4, and 5 were identified as 
01300(012)5010, CH30C(CH2)7CH0, CH3 (OI2 )5ÇHCHO, and CH3(Ol2)7ÇHCHO. 
0 6 OAc OAc 
Positive identification of these peaks was not possible for the lack of 
standards. 
Based on the ozonoiysis study, the major types of hydroperoxides 
that are formed during the early stages of autoxidation are methyl 9-
hydroperoxido octadecenoate and methyl 8-hydroperoxide octadecenoate 
(Structures 1 and 2). 
,0 
Qïo(OÎ9)cCH = OICH(CHo)yC ---- 1 
6OH "0W3 
,0 
CH-:>(CHp),OÏ = CHCH(CH9)fiC' 2 
^ ^ ^ 60h ^ "ocr3 
The fragments from 10 and 11 oleate hydroperoxides (Structures 3 and 4) 
would contribute to peaks 4, 5, 6 and 7 (Figure 1) presumably. These 
peroxides are either present in smaller amounts or their products are 
formed in lower yield during ozonoiysis. The latter explanation is doubt­
ful for oleate peroxides from olive oil (see forward) since they were 
found to give larger relative amounts of these fragments. 
Figure 1. Chromatogram oE ozonolysis products of the acetylated derivative of reduced methyl 
oleate hydroperoxides• 
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CH,(CH„),CHCH = CH(CH«)7C^ 3 
^ ^ ^ ' "0ch3 
^0 
ch.2(ch2 )7çh«ch = ch(ch2)gc^ ---- 4 
ÔOH ^OCHJ 
Privett and Nickel1 (47) showed that the four hydroperoxides pre­
dicted by theory formed in equal parts at a higher peroxide value. 
A pattern similar to that of Figure 1 was obtained from the acetyl-
ated derivative of reduced methyl oleate hydroperoxides at all the perox­
ide values used in the investigation. 
Methyl linoleate: Samples were withdrawn from autoxidized methyl 
linoleate when it had a peroxide value of 5.03, 10.97, 15.86 and 21.23. 
Results of thin-layer chromatographic (TLG) analysis on Adsorbosil-5 
plates are given in Table 2. it may be seen from Table 2 that methyl 
linoleate peroxides also yielded 2 types of products, one corresponding 
to acetylated reduced methyl linoleate hydroperoxide (R^ 0.44) and a non-
hydroperoxide (Rg 0.13). The nature of the nonhydroperoxide is not known. 
The yield of acetyl derivative of reduced methyl linoleate hydro­
peroxide at four different stages of autoxidation varied from 97.3 to 
97.7%. On the other hand, the yield of nonhydroperoxides varied from 3.1 
to 3.5%. The calculation was based entirely on acetylated methyl ricino-
leate as the standard. 
The acetylated fraction of reduced methyl linoleate hydroperoxides 
from all the four samples that were obtained from preparative thin layer 
chromatography gave only one spot on Silica Gel G impregnated with silver 
nitrate. It had an R^ value of 0.43-
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Table 2. TLC analysis of methyl linoleate peroxides 
Methyl Theoretical Acetylated Other 
P. V. linoleate yield of reduced Yield material^ Yield 
(g) acetylated methyl % % 
product linoleate 
(mg) hydroperoxide 
(mg) 
5.03 10.1364 9.79 9.55 97.5 0.31 3.2 
9.53 97.3 0.32 3.3 
10.97 10.6332 22.39 21.84 97.5 0.79 3.5 
21.83 97.4 0.74 3.3 
16.86 10.0028 32.39 31.55 97.4 1.02 3.1 
31.56 Q7.4 1.04 3.2 
21.23 10.0100 40.81 39.87 97.6 1.44 3.5 
39.89 97.7 1.39 3.4 
^Based on acetylated methyl ricinoleate as a standard. 
Theoretically, one could get conjugated and nonconjugated hydro­
peroxide from methyl linoleate and these could be resolved on Silica Gel 
G impregnated with silver nitrate. Since in our study we were able to get 
only one type of product, it should be either a conjugated or nonconju­
gated type of hydroperoxide. Farmer and Sutton (16), Bergstrom (2) and 
Khan et al. (30) showed that only conjugated hydroperoxides were formed 
from methyl linoleate. Khan et al. (30) also showed that nonconjugated 
hydroperoxides were formed only in the case where autoxidation was made 
in the presence of chlorophyll or by irradiation. 
The acetylated fraction of reduced methyl linoleate hydroperoxide 
(PV 21,23) that was obtained from preparative thin layer chromatography 
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was ozonized. Gas chromatographic analysis of ozonolysis fragments of 
acetyl derivative of reduced methyl linoleate hydroperoxide is given in 
Figure 2. Peak 1 was identified as hexanal, and peak 6, based on the 
retention time of acetyl derivatives of reduced methyl oleate and lin-
olenate hydroperoxides fragments, was believed to be ^C(CH2)yCHCH0. 
CH3O' OAc 
Peak 5 was identified as methyl azelaic semialdehyde from studies with 
unoxidized methyl oleate. On the other hand, the nature of peaks 2, 3, 
and 4 are not known. Peak 4 may be CHg(CH2 )/^^ÇHCHO. Since standards are 
OAc 
not available, it is impossible at this stage to assign any one of the 
peaks to the several compounds one could get from ozonolysis. Based on 
the relative amounts of peak 5 and 6, the major type of hydroperoxide 
that is formed during the early stages of autoxidation seems to be the 
9 hydroperoxide (Structure 5). 
,0 
chg (012)401 = chch = chçïkœgdyc 5 
ooh ^ochg 
chg(ch2 )/^chch = chch = ch(ch2)yc 6 
ôoh ""ochg 
Fragments from 13 hydroperoxide (Structure 6) are produced in lesser 
amounts. 
According to Bergstrom (2) and Khan et al. (30), methyl 9 and 13 
hydroperoxy octadecadienoate should occur in equal amounts. Their studies 
were based on esters with high peroxide values. 
A pattern similar to that of Figure 2 was obtained from the acetyl 
derivatives of reduced methyl linoleate hydroperoxides on ozonolysis at 
all peroxide values used in the experiment. 
Figure 2. Chromatogram of ozonolysis products of the acetylated derivative of reduced methyl 
llneate hydroperoxides» 
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Methyl linolenate: Samples were withdrawn from methyl linolenate 
when it had a peroxide value of 4.63, 9.91, 13.58 and 18.7 3. Quantitative 
thin-layer chromatographic (TLC) analysis on Adsorbosil-5 plates are 
given in Table 3. Table 3 shews that methyl linolenate peroxides yielded 
2 types of products, one corresponding to acetylated methyl ricinoleate 
in Rg and presumably the acetylated reduction product of methyl linolenate 
hydroperoxide (Rg 0.U4) and the other nonhydroperoxide (Rg 0.13). The 
nature of the nonhyJroperoxide is not known. Begemann et al (1) were 
able to isolate diperoxides from autoxidized methyl linolenate. The 
nonhydroperoxide that was obtained in the preceding experiments could be 
a dihydroperoxide. 
The acetylated reduction products of methyl linolenate hydroperoxides 
at four different stages of autoxidation varied from 97.1 to 97.8%. 
On the other hand, the yield of nonhydroperoxides varied from 3.1 to 3.9%. 
The calculation was based entirely on acetylated methyl rlcinoleate as the 
standard. 
The acetylated reduction products of methyl linolenate hydroperoxides 
from all the four samples that were obtained from preparative thin-layer 
chromatography gave only one spot on Silica Gel G impregnated with silver 
nitrate. It had an R^ value of 0.34. 
Theoretically, one could get 6 different types of hydroperoxides, 4 
containing conjugated dienes and 2 non-conjugated hydroperoxides from 
methyl linolenate. Privett et al. (48) and Frankel et al. (18) shewed that 
the hydroperoxides are conjugated dienes consisting predominantly cis-trans 
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Table 3. TLC analysis of methyl linolenate peroxides 
Methyl Theoretical Acetylated Other 
P. V. linolenate yield of reduced methyl Yield material® Yield 
(g) acetylated linolenate % (mg) % 
product hydroperoxide^ 
(mg) (mg) 
4.63 10.2331 9.04 8.83 97.6 0.28 3.1 
8.84 97.8 0.29 3.2 
9.91 10.0039 18.94 18.49 97.6 0.66 3.4 
18.47 97.5 0.68 3.5 
13.58 10.3980 26.95 26.20 97.2 0.99 3.7 
26.25 97.4 1.02 3.8 
18.73 10.3449 37.01 35.94 97.1 1.43 3.9 
35.95 97.1 1.41 3.8 
^Based on acetylated methyl ricinoleate as a standard. 
with some trans-trans configuration. Based on the previous works of 
others and the behavior of acetylated derivative of reduced methyl 
linolenate hydroperoxides on TLC plates impregnated with silver nitrate, 
we conclude that the hydroperoxides are diene conjugated. 
The acetylated fraction of reduced methyl linolenate hydroperoxide 
(PV 18.73) that was obtained from preparative thin-layer chromatography 
was ozonized. Gas chromatographic analysis of ozonolysis fragments of 
the acetyl derivative of reduced methyl linolenate hydroperoxide is given 
in Figure 3. Propanal which might have formed was lost in the solvent 
peak 1. Based on the retention time of acetyl derivatives of reduced 
methyl oleate and linoleate hydroperoxide fragments, peak 9 was identified 
Figure 3. Chromatogram of ozonolysis products of the acetylated derivative of reduced methyl 
linolenate hydroperoxides-
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as CHgOCCCHg)yCHCHO. Peak 7 was identified as methyl azelaic semialde-
0 OAc 
hyde from studies with unoxidized methyl oleate. Since standards were 
not available to identify peaks 2, 3, 4, 5, 6 and 8, it is impossible at 
this stage to assign any one of the peaks to the several compounds one 
could get from ozonolysis. ' 
Frankel et al. (18) were able to establish that the diene conjugated 
hydroperoxides had the hydroperoxide groups at carbon atom 9, 12, 13 and 16, 
If one considers acetyl derivative of the diene conjugated hydro­
peroxides from methyl linolenate, the following compounds would form on 
ozonolysis. 
1. 0 
CH3Œ2ÇHCH = CHCH = CHCH2CH = CH (012)70' 
OAc ^0CH3 
.0 
CHgCHgÇHCHO, OHCCHO, OHCCHgCHO, 0HC(CH2)yC^ 
OAc ^OCH 3 
II. ^0 
= chch = chçhch2ch = ch(ch2)yc 
OAc OCH, 
CH3CH2CHO, OHCCHO, 0HCC;HCH2CH0, 0HC(CH2)yC 
ÔÀc ''OCH3 
III. ,0 
CH3CH2CH = CHCH2ÇHCH = CHCH = CH(CH2)yC^ 
OAc OCH3 
.0 
CH3CH2CHO, OHCCH2ÇHCHO, OHCCHO, 0HC(CH2)yC 
OAc ^OCH^ 
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IV. ^0 
CHoCH^CH = CHCH„CH = CHCH = CHCHCCH.D^C' 
^ ^ ôac ^ ^0ch3 
CH3CH2CHO. OHCCH2CHO, OHCCHO, 0HCCH(CH2)7C 
OAc ^ 
*0 
OCH3 
Since we were able to identify azelaic semialdehyde ester and 
OHCCH(CH2)TCOCHg one could deduce the types of hydroperoxide that might 
OAc 0 
have formed during the autoxidation of methyl linolenate. The predominant 
hydroperoxide that was formed as seen from Figure 3 is as follows: 
0 
CH3CH2CH = CHCH2CH = CHCH = CHCH(GH2)7C^ 
OOH OCH3 
One could get azelaic semialdehyde esters from acetylated reduced 
methyl linolenate hydroperoxides (Structure I, II, III). Since we were 
able to identify this compound from Figure 3, the following hydroperoxides 
might have formed during the autoxidation of methyl linolenate. 
CH3CH CH = CHCH2ÇHCH = CHCH = CH(CH2);C 8 
6OH "OCH, 
^0 
CH3CH2CH = CHCH = CHÇHCH2CH = CH(CH2)7C'^ 9 
ÔOH ^0CH3 
and 
,0 
CH3CH2ÇHCH = CHCH = CHCH2CH = CHCCH2)7C' 
ÔOH ^^0^3 
. .  1 0  
From the preceding study one may conclude from Figure 3 that the pre­
dominant hydroperoxide that formed in methyl linolenate is 9 hydroperoxy 
octadecatrienoate and the other three types to a smaller extent. 
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A pattern similar to that of Figure 3 was obtained from methyl 
linolenate having a peroxide value of 4.63, 9.91 and 13.85. 
Olive oil: Olive oil containing 16.8% palmitate, 1.1% stearate, 
72.5% oleate and 9.6 linoleate was used in this study. A sample (10.0336 g) 
was withdrawn when it had a peroxide value of 21.56. Quantitative thin-
layer chromatographic (TLC) analysis on Adsorbosil-5 gave the following 
result. The primary product of autoxidation in the form of acetylated 
derivative was 38.62 mg and secondary product being 1.37. Together these 
are 95.5% of the theoretical yield. The acetylated fraction of the mixed 
ester hydroperoxides that were obtained from preparative TLC was spotted 
in a quantitative manner on Silica Gel G plate impregnated with silver 
nitrate. After developing, the plates were charred for 1 hr at 120C. 
The following results were obtained, The monounsaturated reduced acetyl­
ated hydroperoxide had both cis and trans configuration; the yield being 
trans 23.43 mg and cis 7.97 mg. On the other hand, the reduced acetylated 
diunsaturated hydroperoxide was conjugated and accounted for 6.75 mg. 
When expressed a? TEthyl ester hydroperoxides the following results 
were obtained. Methyl oleate trans hydroperoxide 12.11 meq/kg, methyl 
oleate cis hydroperoxide 4.12 meq/kg and methyl linoleate hydroperoxide 
3.5 meq/kg. Figure 4 shows a typical migration pattern of acetyl deriva­
tives of reduced hydroperoxides obtained from olive oil. 
The rate of oxygen absorption of pure methyl oleate, methyl linoleate 
and linolenate has been shown to be about 1:10-12:16-25 at comparable 
temperature (21, 60). In olive oil, methyl oleate autoxidized to a greater 
Figure 4. Thin-layer cUromatogram of acetylated derivative of re­
duced hydroperoxides from olive oil on silver nitrate-
Silica Gel G* 
IA. Acetylated derivative of reduced methyl oleate 
hydroperoxide (cis), 
IB. Acetylated derivative of reduced methyl oleate 
hydroperoxide (trans), and 
2. Acetylated derivative of reduced methyl linoleate 
hydroperoxide. 
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extenb than these experiments on pure esters would have suggested. In 
addition, oleate in olive oil yielded a higher peroxide in cis configura­
tion when compared to pure methyl oleate at comparable peroxide values. 
The fatty acids may influence each other's oxidation, so that the oxida­
tion of mixtures follow a different curve from pure fatty esters. 
Raghuveer and Hammond (49) were able to establish a relationship between 
glyceride structure and the rate of autoxidation- It is quite possible 
that glyceride structure might have played a key role during the autoxida­
tion of olive oil. 
Gas chromatographic analysis of osonolysis fragments of acetyl 
derivatives of methyl oleate (cis and trans) and linoleate hydroperoxides 
obtained from olive oil are given in Figures 5 and 6. 
The peaks in Figure 5 are comparable to those in Figure 1 and their 
identity the same as that proposed before. The much larger relative 
amounts of peaks 4, 5, 6, and 7 suggest that there is more 10 and 11 
hydroperoxides formed in olive oil than in methyl oleate. 
The gas chromatographic pattern of Figure 6 is similar to Figure 2. 
This suggests the linoleate peroxide is the same as that formed in the 
autoxidation of methyl linoleate. 
Soybean oil: Soybean oil containing 11.2% palmitate, 1.1% palmitole-
ate, 4.7% stearate, 29.3% oleate, 43.5% linoleate and 10.2% linolenate 
was used in this study. A sample (10.0757 g) was withdrawn at a peroxide 
value of 14.27. Quantitative thin-layer chromatographic (TLC) analysis 
on Adsorbosil-5 gave 3 spots, one corresponding to the reduced and 
Figure 5. Chromatogram of ozonolysis products of the acetylated derivative of reduced methyl 
oleate hydroperoxide from olive oil. 
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acetylated ester hydroperoxide (Rg 0.44), a second having an Rg value 
of 0.24 and the third with an R^ value of 0.13. The nature of the product 
corresponding to the spots (Rg 0.24 and Rg 0.13) is not known. It may be 
due to honhydroperoxy compounds and/or secondary oxidation products. The 
yield of these products was 3.42 mg and 1.10 rag, respectively, based on 
acetylated methyl ricinoleate as a standard. The yield of methyl esters 
of; soybean oil reduced hydroperoxides as acetyl derivative was 22.7 mg. 
The acetylated fraction of mixed ester hydroperoxides of soybean oil 
(Rg 0.44) that were obtained from preparative TLC were spotted in a quanti­
tative manner on Silica Gel G plates impregnated with silver nitrate. 
After developing, the plates were charred for 1 hr at 120 C. The follow­
ing results were obtained. Methyl oleate trans hydroperoxide in acetylated 
form accounted for 4.35 mg. There was no spot corresponding to the cis 
configuration. Acetyl derivatives of reduced methyl linoleate and lino-
lenate hydroperoxides accounted for 2.04 and 16.25 mg, respectively. 
When they were expressed as methyl ester hydroperoxides the following 
results were obtained. Methyl oleate trans hydroperoxide 2.23 meq/kg, 
methyl linoleate hydroperoxide 1.05 meq/kg and methyl linolenate hydro­
peroxide 8.44 meq/kg. On the whole, hydroperoxides could account for 
only 82.1%, but the spots of Rg 0.24 and 0.13 bring the total yield to 
98.6%. 
Figure 7 shews a typical migration pattern of acetyl derivatives of 
reduced hydroperoxides obtained from soybean oil. 
The rate of oxygen absorption of pure methyl oleate, linoleate and 
linolenate has been shown to be about 1:10-12:16-25 at a comparable tempera-
Figure 7. Thin-layer chromatogram of the acetylated derivative of re­
duced hydroperoxides from soybean oil on silver nitrate-
Silica Gel G. 
IA. Acetylated derivative of reduced methyl oleate hydro­
peroxide (cis), 
IB. Acetylated derivative of reduced methyl oleate hydro­
peroxide (trans), 
2. Acetylated derivative of reduced methyl linoleate 
hydroperoxide, and 
3. Acetylated derivative of reduced methyl linoleante 
hydroperoxide. 
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ture (21, 60). If we base our conclusion on the amounts of monohydro-
peroxides, the oleate oxidized to a larger extent than linoleate, even 
though linoleate occurred in a larger amount. Linolenate oxidized to a 
lesser extent compared to oleate than the pure ester data would predict, 
but linolenate oxidized more than predicted in relation to linoleate. As 
suggested for.olive oil, the fatty acid composition and/or glyceride 
structure may affect the relative rates of oxidation. 
Gas chromatographic analysis fragments of acetyl derivatives of re­
duced methyl oleate, linoleate and linolenate hydroperoxides obtained from 
soybean oil are given in Figure 8, 9 and 10, respectively. 
For the oleate and linoleate, gas chromatographic patterns similar to 
Figure 1 and 2 were obtained suggesting oxidation similar to that in the 
pure esters. In Figure 9, however, there is a new peak 5a not found in 
the fragments from methyl linoleate oxidation. 
The gas chromatographic analysis of ozonolysis fragments of acetyl • 
derivative of reduced methyl linolenate hydroperoxide is shown in Figure 
10. Compared with Figure 3, the fragments from the product gave 2 additional 
peaks 2a and 8a. Peak 2a had a larger retention time than hexanal. It is 
not possible to explain the origin of these 2 peaks by the existing 
hydroperoxide theory. Even if the methyl linolenate fraction has been 
contaminated by methyl linoleate or oleate fractions, one could not explain 
the occurrence of peaks 2a and 8a since neither oleate or linoleate frag­
mentation study showed similar peaks. 
Seals and Hammond (54) were able to isolate diacetyl from soybean 
oil during the early stages of autoxidation. They believed that diacetyl 
Figure 8. Chromatogram of ozonolysis products of the acetylated reduced methyl oleate hydro­
peroxide from soybean oil • 
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was obtained from linolenic acid. Since it is not possible to get di-
acetyl from any one of the hydroperoxides predicted by theory, it must 
have formed by a different m&chanism of unknown nature. A mechanism of 
different nature could have led to the formation of peroxide that on 
ozonolysis could have given these two fragments corresponding to peaks 
2a and 8a. 
Begemann et al. (1) isolated methyl linolenate monohydroperoxide 
and more polar peroxides from autoxidized methyl linolenaté. They 
identified four isomeric polar compounds containing two polar groups, 
viz. a hydroperoxide group and a six membered cyclic peroxide group. 
Perhaps this could account for some of the differences in the ozonalysis 
fragments of linolenate; however, if a diperoxide formed, it should have 
been readily separated from the monohydroperoxide by TLC after reduction. 
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SUMMARY 
Methyl oleate and olive oil were autoxidized in. 50 g lots at 40 G; 
50 g of methyl linoleate, linolenate and soybean oil were autoxidized 
at room temperature. Samples were withdrawn periodically to determine 
the peroxide value by the method of Hamm et al. (23). When the test 
showed peroxide values appropriately spaced between 4 and 2 0, four 
samples were withdrawn from methyl oleate, linoleate and linolenate. 
The peroxides were reduced to alcohols by the iodometric method recom­
mended in the official method of the American Oil Chemists' Society (40), 
and at the same time, the peroxide value was confirmed. The hydroxy fatty 
acids were then acetylated by acetic anhydride (41). After urea frac­
tionation, the acetylated reduced hydroperoxides were quantitatively 
analyzed by thin-layer chromatography (TLC). The yield of the acetylated 
reduced methyl ester hydroperoxides varied from 97.1 to 98.2% based on 
acetylated methyl ricinoleate as a standard. Even during the early stages 
of autoxidation, nonhydroperoxides were formed in all the three methyl 
esters and varied from 3.0 to 3.9%. 
Further information was obtained by ozonolysis of the acetylated 
esters and analysis of the fragments by ga chromatography. In all the 
three methyl esters during the early sta^ autoxidation the occurrence 
of hydroperoxide seems to be closer to the -COOCii.^ -'d n the case of 
methyl oleate, the predominant hydroperoxide assumed a tra. 
In methyl linoleate and linolenate hydroperoxides the double bon^ • cw-
jugated. 
The method was applied to soybean and olive oils. The primary product 
of autoxidation of olive oil in the form of acetylated derivative was 
32.62 mg with the secondary product being 1.37 mg. Together, they ac­
counted for 95.5% of the theoretical yield. The monounsaturated reduced 
acetylated hydroperoxides had both cis and trans configuration. On the 
other hand, the reduced acetylated diunsaturated was conjugated and ac­
counted for 6.75 mg. In the autoxidation of olive oil, a much larger 
amount of 10 and 11 hydroperoxides was formed when compared to the 
hydroperoxides obtained from autoxidized pure methyl oleate. Similar 
types of hydroperoxides were formed in olive oil as was found in the case 
of pure methyl linoleate. 
Soybean oil gave the following results on autoxidation. Methyl oleate 
trans hydroperoxide in acetylated form accounted for 4.35 mg. Acetylated 
derivatives of reduced methyl linoleate and lir.olenate hydroperoxides 
accounted for 2.04 and 16.2 5 mg respectively. When compared to oleate 
and linoleate in soybean oil, similar types of hydroperoxides were formed 
during the autoxidation of pure methyl oleate and linoleate. In the case 
of the linolenate fraction of soybean oil, additional peaks were formed 
during the ozonolysis. By existing theory, it is not possible to explain 
the occurrence of these peaks. 
In addition, the fatty acids in olive and soybean oils oxidized at 
a different rate than the pure methyl ester data would predict. It may be 
possible that the fatty acids may influence each other's oxidation and/or 
the glyceride structure may affect the relative rate of oxidation. 
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